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Q1.Organic compounds synthesised in the leaves of a plant can be transported to the plant’s roots. 
This transport is called translocation and occurs in the phloem tissue of the plant. 


(a) One theory of translocation states that organic substances are pushed from a high 
pressure in the leaves to a lower pressure in the roots. 


Describe how a high pressure is produced in the leaves. 


PCMBS is a substance that inhibits the uptake of sucrose by plant cells. 


Scientists investigated the effect of PCMBS on the rate of translocation in sugar beet. 
The figure below shows their results. 
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(3) 


(b) During their experiment, the scientists ensured that the rate of photosynthesis of their 
plants remained constant. 
Explain why this was important. 


(c) The scientists concluded that some translocation must occur in the spaces in the cell walls. 


Explain how the information in the figure above supports this conclusion. 


TT a 
(Total 7 marks) 


Q2.Scientists investigated the effect of the water potential of soil water on plant growth. They 
investigated the effect of this water potential on several plant processes. 


The figure below shows their results in the form they were presented. The bars show whether or 
not each process was occurring. 


The plants stopped growing when the water potential of the soil water was below —0.7 mPa. All 
of the changes in the plants were related to the ability of the roots to take up water from the soil. 
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(a) | Describe the results in the figure. 


(2) 
(b) Explain the relationship between stomatal opening and photosynthesis. 
(2) 
(c) Although photosynthesis is still occurring, plants stop growing when the soil water 
potential falls below —0.7 mPa. 
Use information from the figure above to suggest two reasons why. 
(3) 
(d) Most of the water uptake in a root takes place in the region just behind the root tip. 
Explain why. 
(2) 


(e) Ina root, water passes through the endodermis and enters the xylem. 
Explain how. 


(4) 
(Total 13 marks) 


Q3.Environmental factors can affect the density of stomata in the lower epidermis of leaves of plants 
of the same species. 


Scientists investigated how growing plants at different temperatures affected the density of 
stomata in the lower epidermis of leaves. They grew plants of the same species from seeds. 
Their method is outlined below. 


° They took 8 trays containing soil and planted 50 seeds in each tray. 

e They put each tray in a controlled environment at a different temperature. 

° When the plants had grown from the seeds, they selected 20 fully grown leaves from the 
plants in each tray. 

° They determined the mean number of stomata per mm: in the lower epidermis for each 
group of leaves. 


See next page 
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Their results are shown in the graph. 
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Temperature at which plants were grown /°C 


(a) Give three environmental variables, other than temperature, that the scientists would 
have controlled when growing the plants. 


(3) 


(b) The scientists used a range of temperatures from 6 to 20 °C. 
Using their data, explain why they did not use temperatures above 20 °C. 


(1) 


(c) The scientists only selected fully grown leaves from the plants. 


Suggest why. 


(1) 
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(d) The plants grown at higher temperatures had a lower number of stomata per mme. 
This would be an advantage to the plant because the transpiration rate increases as the 
temperature increases. 


Explain why the transpiration rate increases when the temperature increases. 


(2) 
(Total 7 marks) 


Q4. A student investigated the rate of transpiration from privet leaves. 
e She obtained two sets of ten privet leaves. 
° She left the ten leaves in set A untreated. She covered the upper surfaces of the ten 


leaves in set B with grease. 


e She weighed each set of leaves and then tied all the leaves in each set to a separate 
length of thread. This is shown in the diagram. 
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° She then weighed each set of leaves every 20 minutes over a period of 2 hours and 
plotted a graph of her results. 
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(a) Give two environmental conditions that the student should have kept constant during this 
investigation. 


(2) 


(b) The student measured the water loss in milligrams. Explain the advantage of using ten 
leaves when taking measurements in milligrams. 


(1) 


(3) 


(d) The results that the student obtained for the leaves in set B were different from those for 
set A. Suggest an explanation for this difference. 


(2) 
(Total 8 marks) 


Q5. (a) | Scientists measured the rate of water flow and the pressure in the xylem in a small 
branch. Their results are shown in the graph. 


Rate of 

water flow 

in xyiem/ 

mm? per minute 


(---) 





(i) Use your knowledge of transpiration to explain the changes in the rate of flow in the 
xylem shown in the graph. 


(3) 


(ii) | Explain why the values for the pressure in the xylem are negative. 





(1) 
(b) | Doctors measured the thickness of the walls of three blood vessels in a large group of 
people. Their results are given in the table. 
Name of vessel Mean wall thickness /mm 
(+ standard deviation) 
Aorta 5.7 +1.2 
Pulmonary artery 1.0 + 0.2 
Pulmonary vein 0.5 +02 
(i) Explain the difference in thickness between the pulmonary artery and the 
pulmonary vein. 
(1) 


(ii) | The thickness of the aorta wall changes all the time during each cardiac cycle. 
Explain why 


(iii) Which of the three blood vessels shows the greatest variation in wall thickness? 
Explain your answer. 


(1) 


(c) Describe how tissue fluid is formed and how it is returned to the circulatory system. 


(6)(Total 15 marks) 


Q6. A student found the number of stomata per cm: on the lower surface of a daffodil leaf. 
He removed a small, thin piece of lower epidermis and mounted it on a microscope slide. 


He examined the slide using an optical microscope. 


(a) | Explain why it was important that the piece of the epidermis that the student removed 
was thin. 


(2) 
(b) Suggest how the student could have used his slide to find the number of stomata per cme. 
(3) 
(c) The stomata on the leaves of pine trees are found in pits below the leaf surface. Explain 
how this helps to reduce water loss. 
(2) 


(Total 7 marks) 
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Q7.A student investigated the rate of transpiration from a leafy shoot. She used a potometer to 
measure the rate of water uptake by the shoot. The diagram shows the potometer used by the 


student. 
À, — 
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_ Air bubble 














(a) Give one environmental factor that the student should have kept constant during this 
investigation. 


(1) 
(b) The student cut the shoot and put it into the potometer under water. Explain why. 
E E E ess cd eee etetenes i 
(c) The student wanted to calculate the rate of water uptake by the shoot in cm: per minute. 
What measurements did she need to make? 
ed ne E E en TAE D 
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(d) The student assumed that water uptake was equivalent to the rate of transpiration. 


Give two reasons why this might not be a valid assumption. 


a a a a holt in Bask aaah bennett ed oy 
AE EA AN vin bata den Sedo E AA E E 

(2) 

(e) The student measured the rate of water uptake three times. 

(i) Suggest how the reservoir allows repeat measurements to be made. 

(1) 
(ii) Suggest why she made repeat measurements. 

(1) 


(Total 8 marks) 


(a) | Explain how water enters a plant root from the soil and travels through to the 
endodermis. 


(b) From the root, water is transported upwards through the stem. Explain how evaporation 
from the leaves can cause the water to move upwards. 


(4) 


S (c) In daylight, most of the water evaporates from the leaves but some is used by the plant. 


Describe the ways in which this water could be used by the plant. 


(6) 
(Total 15 marks) 
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Q9. The diagram shows part of a leaf. The arrows show one pathway taken by water through 


the leaf and into the atmosphere. 
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(1) 


(ii) | Describe and explain how water in the mesophyll cells passes out of the leaf. 


(3) 
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(b) Explain how two adaptations of their leaves reduce water loss from xerophytes. 


AAA ain means 
ADI ATOM Sn a ne 
PAUSE (6) 110 Minimen enoni E aE E E a EEE R 
Explanation ea a ee 
(2) 
(Total 6 marks) 
Q10. The volumes of water absorbed by the roots of a plant and lost by transpiration were 
measured over periods of 4 hours during one day. The bar chart shows the results. 
Key Water absorbed ia Water lost by 
by roots transpiration 
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water / cm? 
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(a) (i) Describe the changes in the volumes of water absorbed and transpired between 
midnight and 1600. 


(ii) | Explain these changes in the volumes. 


(2) 


(b) | Use your knowledge of the cohesion-tension theory to explain how water in the xylem in 
the roots moves up the stem. 


(4) 
(Total 8 marks) 


Q11. (a) | Describe how water is moved through a plant according to the cohesion-tension 
hypothesis. 


(4) 


(b) The mass of water lost from a plant was investigated. The same plant was used in every 
treatment and the plant was subjected to identical environmental conditions. In some 
treatments, the leaves were coated with a type of grease. This grease provides a 
waterproof barrier. The results of the investigation are given in the table. 


No grease applied 10.0 


Grease applied only to the 87 
upper surface of every leaf ' 
Grease applied to both 0.1 
surfaces of every leaf i 


(i) What is the advantage of using the same plant in every treatment? 





(1) 
(ii) Why was it important to keep the environmental conditions constant? 
NE aaea fades E N ATE e 
(iii) | What is the evidence that the grease provides a waterproof barrier? 
A TS a 
(c) (i) Calculate the mass of water lost in 5 days through the upper surface of the leaves. 
ANSWOM sin dicen anna tan 
(1) 
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(ii) | Use your knowledge of leaf structure to explain why less water is lost through the 
upper surface of leaves than is lost through the lower surface. 


(2) 
(Total 10 marks) 


Q12. An investigation was carried out to compare the uptake of sulphate ions by barley roots in 


aerobic and in anaerobic conditions. The results are shown in the graph. 






Aerobic 
conditions 
Total 
amount of 
sulphate ions Anaerobic 
then in Pf Ln 


conditions 


Time / hours 


(i) Explain the evidence from the graph that active transport is involved in the uptake of 
sulphate ions. 


(2) 
(ii) | Suggest why the uptake of sulphate ions by the roots in anaerobic conditions stopped 
after 3 hours. 
(1) 
(Total 3 marks) 


Q13. (a) The table shows the transpiration rate of a group of plants exposed to different 
humidities at a temperature of 25°C. 


Humidity / % Transpiration rate / 
arbitrary units 


26.0 





(3) 


(b) The diagrams show a section through a typical leaf and a section through a leaf from a 
xerophytic plant. The xerophytic leaf has a lower transpiration rate than the typical leaf. 


Typical leaf Cuticle 
| Mesophyll 
A 
= A 
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Xerophyticleaf Mesophyll 





Describe two features shown in the diagram of the xerophytic leaf which reduce 
transpiration rate. Explain how each of these features contributes to a lower transpiration 
rate. 

Fealúre meteo ie nano 

EXPIANANON nn nn ea tn then teste tes 


ÉGAL a ee ee eee 


Explanation sarees rE E a NA E EEE E EE 


(4) 
(Total 7 marks) 
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M1.(a) 1. Water potential becomes lower / becomes more negative (as sugar enters phloem); 
2. Water enters phloem by osmosis; 


3. Increased volume (of water) causes increased pressure; 


(bò) 1. Rate of photosynthesis related to rate of sucrose production; 


2. Rate of translocation higher when sucrose concentration is higher; 


(c) 1. Rate of translocation does not fall to zero / translocation still occurs after 120 
minutes; 


2. But sucrose no longer able to enter cytoplasm of phloem cells; 


[7] 


M2.(a) 1. Protein synthesis and cell wall synthesis and cell expansion 
stop at -0.7 / at a higher water potential than other two; 


If all 3 are correctly identified in marking point 1, accept ‘the others 
/ the other two’ in marking point 2, and vice versa 


2. | Photosynthesis and stomatal opening stop at -1.5 / at a ower water potential 
than other three; 


Correct processes must be named in at least one of marking point 
1 or marking point 2 


Where reference to water potential differences are made, they 
must be comparative, eg ‘higher’ 


(bò) 1.  Stomata allow uptake of carbon dioxide; 


2. Carbon dioxide used in / required for photosynthesis; 


(c) 1. Growth involves cell division / cell expansion / increase in mass; 
Marking point 1 is for the principle 


2. Protein synthesis stops so no enzymes / no membrane proteins / no named 
protein (for growth / division); 


Marking points 2, 3 and 4 require appreciation of ‘why’ before 
credit can be awarded 


‘named’ protein must Page 23 relate to proteins involved in 


growth or cell division 


Cell wall synthesis stops so no new cells can be made; 


Full credit is possible without a statement of the principle 
(marking point 1) 


No cell expansion / increase in mass because (cells) stop taking up water; 
3 max 


(Presence of) root hairs creates a large surface area; 


This area is permeable to water 
Accept root tip is not permeable’ 


Suberin / waterproof material in cell walls (of endodermis); 


Award marking point 1 for reference to Casparian strip without 
further qualification 


Blocks apoplast (pathway) / only symplast (pathway); 


lons moved by active transport into xylem; 
Need idea of what is moved and how they are moved 


(This) lowers the water potential (in the xylem) and water enters by osmosis 
(into xylem); 
Both aspects needed for credit. Context of xylem is required 


[13] 


M3.(a) Any three from: 


1. 


2. 


Light; 
Carbon dioxide; 
Type of soil; 


Minerals / nutrients; 
Accept named example 


Water (in soil); 
Humidity (of air); 
pH (of soil) 
Planting density; 


Idea of equally spaced 
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(b) 


(c) 


(d) 


M4. 


3 max 


Already levelled out (before 20 °C); 
1 


Young leaves (may) have different number of stomata (per mm?) / number of 


stomata (per mm?) changes during development (of leaf); 


Accept reference to density of stomata 
1 


Any two from: 
Points 1 and 2 need context of ‘more’ 


1. | Molecules have more kinetic energy; 
Accept KE 


2. Faster diffusion of water / more evaporation of water (as temperature 


increases in leaf); 
For this point, diffusion must relate to movement of water 


3. For this point, diffusion must relate to movement of water 
2 max 
[7] 


(a) Light; 
Humidity / moisture in air; 
Air movement / wind; 


Temperature; 
2 max 


Decreases chance of error / larger difference in mass / improves 


accuracy / precision; 
Neutral: Reliability, references to anomalies. 
1 


1. | Stomata open, (water) transpired / evaporates / diffuses out (via) water 
potential gradient / leaf has higher water potential; 


Water potential / diffusion gradient reduces (during investigation) as water not 
being replaced / no water Page 25supply; 


3. Stomata close / closing; 
Must clearly indicate that stomata are open for third marking point. 
However, allow correct descriptions of guard cells being turgid or 
flaccid as being equivalent to stomata being open or closed. ‘Loss 
through stomata’ on its own is not sufficient. 


Neutral: Any reference to ‘loss by osmosis’. 


3 
(d) | Stomata (on upper surface) covered / stomata close due to lack of 
light / (grease provides) longer diffusion pathway; 
Less evaporation / transpiration / diffusion out; 
Accept: Evaporation / transpiration / diffusion ‘stops’ for second 
point as this could be referring to upper surface. 
2 
[8] 
M5. (a) (i) 1.  Stomata open; 
Allow converse 
2. Transpiration highest around mid-day as middle of day warmer / lighter; 
2. Allow ‘Sun is at its hottest’ 
3. (Increased) tension / water potential gradient; 
Ignore ‘pull, suck’ 
3 


(ii) (Inside xylem) lower than atmospheric pressure / (water is under) tension; 
Accept cohesion tension. Ignore vacuum 


(b) (i) | High pressure / smoothes out blood flow / artery wall contains more collagen / 
muscle / elastic (fibres) / connective tissue; 


Accept converse for pulmonary vein 
Incorrect function of artery disqualifies mark 


(ii) 1. (Aorta wall) stretches because ventricle / heart contracts / systole / 
pressure increases; 


1. Allow expand 


2. (Aorta wall) recoils because ventricle relaxes / heart relaxes / diastole / 
pressure falls; 
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2. Allow spring back 
Reject any reference to contract / relax in MP1 and 2 


3. Maintain smooth flow / pressure; 


3 
(iii) Aorta 1.2 / largest SD; 
Allow pulmonary vein provided candidate relates standard 
deviation to mean 
1 
(c) Formation 
1. High blood / hydrostatic pressure / pressure filtration; 
2. Forces water / fluid out; 
2. Reject plasma, ignore tissue 
3. Large proteins remain in capillary; 
Return 
4. Low water potential in capillary / blood; 
5. Due to (plasma) proteins; 
6. Water enters capillary / blood; 
7. (By) osmosis; 
7. Osmosis must be in correct context 
8. Correct reference to lymph; 
6 max 
[15] 
M6. (a) Single layer of cells / few layers of cells; 
So that light that can pass through / cells absorb light; 
2 
(b) Method of determining area of field of view / area seen using microscope; 
Count number of stomata in field of view; 
Repeats and calculation of mean; 
3 
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(c) Water vapour accumulates / increased humidity / reduced air movement (around 
stomata); 


Water potential / diffusion gradient reduced; 


[7] 


M7.(a) Light (intensity) / temperature / air movement / humidity; 


(b) Prevent air entering / continuous water column; 
Allow answer in context of shoot, xylem or potometer. 


(c) Distance and time; 
Reject ‘amount bubble moves’ 


Radius / diameter / area (of capillary tube); 


(d) (used to provide) turgidity / support / description of; 
(used in) photosynthesis / (produced in) respiration; 


Apparatus not sealed / ‘leaks’; 
2 max 


(e) (i) Returns bubble (to start); 


(ii) | Increases reliability (of results) / anomalous result can be identified; 
Q Ignore references to validity / precision / accuracy etc. 


[8] 


M8. (a) water enters root hair cells by osmosis; 
because active uptake of mineral ions has created a WP gradient; 
water moves through the cortex (by osmosis) down a WP gradient; 
through cell vacuoles and cytoplasms / symplastic pathway; 
through cell walls / apoplastic pathway; 
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M9. 


M10. 


(b) 


(b) 


WP in leaf cells decreases / becomes more negative; 

therefore water moves out of xylem (into surrounding tissues) 

by osmosis; this creates a pull / tension on the water in xylem; 

which is in a continuous column / water molecules cohere cohesion 

due to H bonding column doesn’t break because of adhesion with xylem walls; 


(water is used in) the light-dependent reactions of photosynthesis; 
electrons from water enable ATP production / H+ are used to reduce 
NADP / produces O; ; 

(water can be used in) hydrolysis reactions within the plant; 

to create turgor; 

as a solvent for transport; 

as a medium for chemical reactions; 

component of cells / cytoplasm; 


[15] 


(a) (i) apoplast; 


(ii) (pathway from cells) along cell walls / 
through spaces and out through stoma(ta); 
by diffusion (disqualify if osmosis mentioned); 
down a WP / diffusion / concentration gradient; 


two suitable adaptations plus explanation, e.g. 
sunken stomata, reduce air movement / diffusion gradient; 


rolled leaves, reduce surface area (for evaporation) / 

enclose still air around stomata; 

waxy cuticle, reduce (cuticular) evaporation / impermeable to water; 
(reject waterproof) 

few stomata, to reduce SA for diffusion; 

small leaves, reduce SA for diffusion; 


[6] 


(a) (i) absorption rate stays level (initially) then rises; 
transpiration rate rises regularly / transpiration increases at a 
faster rate than absorption; 


(principle that both increase 1 max awarded) 


(ii) | increased stomatal aperture / Page oglight / temperature(increases 


M11. 


(b) 


transpiration rate); 
decreases water potential in root / increased uptake by osmosis; 


2 
water evaporates / transpires, this reduces water potential / creates water 
potential gradient / increases osmotic gradient; 
water drawn out of xylem; 
creates tension / pulling effect / creates negative pressure (in context); 
cohesive forces or H bonding between water molecules / water moves 
as a column; 
(accept continuous stream) 
4 
[8] 
(a) 1. water evaporates / transpires from leaves; 
2. reduces water potential in cell / water potential / osmotic gradient across 
cells (ignore reference to air space); 
3. water is drawn out of xylem; 
4. creates tension (accept negative pressure, not reduced pressure); 
5. cohesive forces between water molecules; 
6. water pulled up as a column; 
4 max 
(i) same surface area of leaf / number of leaves / age / thickness of 
cuticle; 
1 
(ii) (environmental conditions) affect rate of transpiration / evaporation; 
1 
(iii) | presence of grease reduces water loss; 
1 
(i) 1.2 / 1.3g; 
1 
(ii) more stomata on the lower surface; 
(thicker) waxy cuticle on the upper surface; 
2 


[10] 
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M12. 


M13. 


(ii) 


(i) (graph shows) greater uptake (of ions) in aerobic (conditions); 
aerobic respiration / conditions releases more energy / ATP 
(for active transport); 


(reject produces / makes energy) 


ATP / energy limiting; 

active transport stops; 

diffusion gradient lost / equal concentrations of ions / no net 
movement of ions; 


(do not allow store of ATP runs out) 


(a) increased humidity leads to decreased transpiration; 

high humidity means more water in the air / increased saturation / 
increased water potential; 

reduced diffusion gradient / water potential gradient; 

slower rate of water loss / less evaporation; 


thick cuticle; 
impermeable to water / waterproof; 


sunken stomata; 
reduces water diffusion gradient; 


shape of leaf / rounded / small surface area; 
small surface area : volume ratio; 


(explanation must be linked to feature) 
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1 max 


[3] 


3 max 


4 max 


[7] 


